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Data from the third National Health and Nutrition Examination Survey are used to analyze the
effect of the Women, Infants, and Children (WIC) Program and other factors on the health of U.S.
preschool children. Ordered probit equations are estimated for the physician’s overall evaluation of
the child’s health. The WIC Program has a significant positive impact on the overall health of children.
In particular, children in households participating in WIC are significantly more likely to be in excellent
health. Increased household income also improves their health.
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Over one-fifth of all children in the United
States live in families whose incomes are be-
low the poverty line (Blank). The poverty rate
for U.S. children is higher than for any other
industrialized country. Lower incomes are
linked to poor health through a variety of fac-
tors, including less access to health services and
health information, plus a more limited ability
to obtain acceptable and nutritious foods.
One government program which addresses
these problems is the Special Supplemental
Nutrition Program for Women, Infants, and
Children (WIC). The WIC program provides
foods with specific nutrients to pregnant and
lactating women, and to children up to age five
in low-income households, as well as nutrition
and health assessment and education. Family
income must be less than 185% of the poverty
level to be eligible and a health professional
determine the individuals to be at nutritional
risk. Persons in households who participate
in certain programs such as Medicaid or
Temporary Assistance for Needy Families
are automatically eligible. The program had
7.2 million participants in fiscal 2000, including
some 3.6 million children, at a total cost of
$3.97 billion, which included $2.85 billion in
food benefits and the remainder for nutrition
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and health services and administrative costs
(U.S. Census Bureau, USDA FNS).

Several studies have examined the nutri-
tional impact of the WIC program (Arcia,
Crouch, and Kulka; Basiotis et al.; Brown
and Tieman; Oliveira and Gundersen; Rose,
Habicht, and Devaney; Variyam; Wilde,
McNamara, and Ranney). Others have as-
sessed specific medical outcomes, most fre-
quently related to childbirth, infants, and
pregnant women or postpartum mothers (Cen-
ters for Disease Control and Prevention;
Corman, Joyce and Grossman; Devaney,
Billheimer, and Schore; GAO; Hutchins et al.;
Owen and Owen; Pehrsson et al.; Shefer and
Massoudi). However, no analysis has yet eval-
uated the impact of WIC on the overall health
of preschool age children, which is the focus
of this study. Addressing children’s health is-
sues effectively requires a clear understand-
ing of the underlying determinants. This study
contributes to that goal by estimating a health
production function for U.S. preschool chil-
dren (ages 2–5 years) using data from the
third National Health and Nutrition Examina-
tion Survey (NHANES III) (U.S. Department
of Health, 1994). The underlying conceptual
framework for this analysis is Gary Becker’s
household model (Becker). The health pro-
duction functions obtained from this model
have been widely used to study health and
nutrition issues in developing countries and
have received more limited use in the analysis
of the health of U.S. children (Behrman and
Deolalikar, Strauss and Thomas, Rosenzweig
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and Schultz). This article focuses on the link
between the WIC Program and the health of
preschool aged children.

The National Health and Nutrition Exam-
ination Surveys (NHANES) collected by the
Centers for Disease Control and Prevention
provide a rich data set for analyzing factors
affecting children’s health. NHANES III was
collected between 1988 and 1994. This nation-
ally representative survey contains the results
of a four-hour medical exam. Demographic
and socioeconomic data are also included. The
measure of health used in this research is
the physician’s overall evaluation of a child’s
health. The measure is a five-point scale, with
one representing excellent health and five rep-
resenting poor health. Because of the very
few children rated in poor health, they are
combined with the fair category in the anal-
ysis. Hence, there are four categories: excel-
lent, very good, good, and fair/poor. An or-
dered probit model was used in the empirical
analysis.

In the next section of this article, an overview
of the WIC program is provided along with a
brief review of some of the relevant previous
research. The household and probit models are
then outlined, followed by a detailed descrip-
tion of the data and the variables used in the
research. The empirical results are then pre-
sented. Finally the work is summarized and the
policy implications discussed.

Background

The WIC program is administered by United
States Department of Agriculture’s Food and
Nutrition Service. In most cases, WIC recipi-
ents receive monthly vouchers or checks used
to purchase a food package designed to supple-
ment their diet. In a few locations, other distri-
bution systems are still used, such as directly
providing the food package at the health clinic.
WIC is meant to only supplement the diet and
does not cover the total nutritional needs of
participants. The nutrition education provided
under the program provides guidance on ob-
taining a balanced diet with all the necessary
nutrients.

WIC focuses on nutrients which have been
food deficient in the diet of the target
population—protein, calcium, iron, and vita-
mins A and C. The foods in the WIC package
also provide vitamins D and B-6 and folate.
The types and amounts of foods in the WIC
package are based on the age and nutrient
needs of the individual. Milk and/or cheese,

iron-fortified cereal, 100% fruit and/or veg-
etable juices, eggs, peanut butter, and/or beans/
peas are typically included in the food pack-
age for children. The average cost of the WIC
food package per month was $31.20 in 1996
and $34.31 in 2002 (USDA FNS, Oliveira and
Gunderson). The WIC package for children is
given to children ages 1 to 5, but is based on
USDA/DHHS dietary recommendations for
children ages 2 to 6.

Adult WIC recipients must participate in
two nutrition education sessions in the typi-
cal six month certification period. Recipients
also are referred to other social and health care
services, such as immunizations. WIC is not an
entitlement and especially in its early years,
sufficient funding was not allocated by
Congress to cover all those eligible. When
funds have been inadequate, local WIC agen-
cies use a system that gives priority to those
with nutritional deficiencies that have evident
medical consequences and to pregnant and
breast-feeding women and infants, before chil-
dren (Oliveira and Gunderson).

Evaluations have found clear evidence of
the beneficial impacts of the WIC program.
A General Accounting Office (GAO) study
found prenatal WIC benefits reduced low
birthweights by 25% and very low weights by
44%. This GAO report concluded that each
one dollar spent on prenatal WIC reduced
public and private spending on health care by a
discounted present value of $3.50, with most of
the savings ($2.89) in the first year of the baby’s
life (GAO). Such evidence of the positive im-
pact of WIC has led to increased funding by
Congress from $728 million in 1980 to $2.12
billion in 1990. Congress allocated $4.39 bil-
lion in fiscal year 2002 to the program (USDA,
FNS). Children have been the most rapidly in-
creasing group of WIC recipients. Total partic-
ipation rose 63% from 1990 to 1998, whereas
the number of children participating grew by
81%. Consequently, more children at risk are
being covered. It was estimated that 69% of
children eligible for WIC participated in 1996
(Oliveira and Gunderson). By 2002 about 81%
of eligible children were being served (FNS).

In terms of nutrition, WIC had a posi-
tive impact on all components of the U.S.
Department of Agriculture’s Healthy Eat-
ing Index except saturated fat (Basiotis,
Kramer-LeBlanc, and Kennedy).1 At least two
studies found that WIC children were less

1 The Healthy Eating Index provides a guide to how well the diet
matches dietary recommendations. The 100-point index is divided
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likely to have a low iron intake than non-
WIC participants of similar income (Brown
and Tieman, Oliveira and Gundersen). Iron
deficiency is linked to behavioral and devel-
opmental delays in children (U.S. Department
of Health, 1998). WIC participants had higher
intakes of Vitamins C, A, B-6, and folate
(Oliveira and Gundersen) and grains, fruit,
dairy, and meat (Basiotis et al.). WIC par-
ticipants had a lower intake of added sugars
(Wilde, McNamara, and Ranney), total fat,
cholesterol, and sodium (Basiotis et al.). Rose,
Habicht, and Devaney also found WIC par-
ticipation increased the consumption of ten
nutrients.

Variyam used quantile regression to assess
the effect of WIC on eligible preschool chil-
dren and found that evaluation at just the
conditional mean can be deceiving. He discov-
ered that the impact of WIC varied consider-
ably by quantile for iron and zinc. For calcium
the effects were basically equal across quan-
tile, but even for this nutrient there was vari-
ation in the impacts across quantiles of other
important variables such as age and gender.
Arcia, Crouch, and Kulka found WIC partic-
ipants purchased more nutritious food, more
nutrient-dense food and spent less on food
away from home.

In terms of medical outcomes, infants born
to mothers who participate in WIC have higher
birthweights and the prevalence of low and
very low birthweight is lower than for eligi-
ble nonparticipants (Buescher et al., Owen
and Owen). In addition, the incidence of iron-
deficient anemia is lower among toddlers,
preschool children, and postpartum women
in the WIC program (Owen and Owen,
Pehrsson et al.). Prenatal WIC participation
was associated with significant Medicaid sav-
ings in the first 60 days after birth, rang-
ing from $277 to $598 depending on the
state (Devaney, Billheimer, and Schore). An-
other study found that the mother’s partic-
ipation in WIC before and after birth re-
duced neonatal mortality (Corman, Joyce, and
Grossman). A report in the CDC’s Morbidity
and Mortality Weekly Report finds that while
obesity remains a severe public health prob-
lem, WIC participating children are no more
likely to be over weight than other low-income
children (U.S. Department of Health, 1996).
Finally, at least two studies have found that

into ten components: grains, fruits, vegetables, milk, meat and meat
substitutes, total fat, saturated fat, cholesterol, sodium, and variety.
Each component receives a maximum of ten points.

WIC participation can improve child immu-
nization rates, if the WIC program office con-
tinually assesses participant’s immunization
records and makes the appropriate referrals
(Hutchins et al., Shefer and Massoudi).

In sum, the previous research on the WIC
program focused on improved nutrition in-
take and specific medical outcomes such as in-
creased immunization rates and a reduction in
iron-deficient anemia. While a healthier diet
and increased immunization rates should re-
sult in better health for children, no one that
we know of has examined the program’s effect
on the overall health of children.

The Model

Health production and demand functions
have been widely used in economics to
study children’s health in developing coun-
tries (Behrman and Deolalikar, Strauss and
Thomas). More limited use has been made of
the household production model to analyze
determinants of child health and diet qual-
ity in the United States. One analysis which
did use this model found that mother’s health
and nutrition knowledge were significant in
child’s diet quality (Variyam, Blaylock, and
Lin). Another household production analysis
concluded that delays in the mother seeking
prenatal care, as well as smoking or alcohol
consumption during pregnancy, contributed to
low birthweights, which are often associated
with poor health in infants (Rosenzweig and
Schultz).

Based on Becker’s model, the household is
assumed to maximize utility in terms of the
family members’ health, consumption of other
household produced goods and services, and
leisure. The health production function for the
ith child’s health (H i) can be specified as

Hi = h(Ii , Ci , Fi , Gi )(1)

where Ii is a vector of inputs to health such
as food consumption and medical care, C i is a
vector of characteristics of the child such as the
child’s age and gender, F i is a vector of house-
hold characteristics such as the parents’ edu-
cation, and G i is a vector of community and/or
geographic characteristics such as region of the
country. The maximization of utility subject to
time and income constraints yields reduced-
form health demand functions, which contain
only exogenous explanatory factors (Behrman
and Deolalikar, Senauer and Garcia).
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This study estimates a health production
function. Some household characteristics such
as participation in the WIC and Food Stamp
Programs may be jointly determined with
health. WIC gives preference to children who
are at nutritional risk or have certain health
conditions. Similarly, parents may make a
greater effort to apply for WIC or food stamps
if their child is not healthy. These variables
should be tested for endogeneity, since the es-
timates may be biased due to simultaneity and
unobserved heterogeneity.

The health production function can be spec-
ified as

H∗
i = �′x + ε(2)

where H∗
i is the child’s actual health, x is a vec-

tor of explanatory variables, �′ is the vector of
coefficients, and ε is the error term. Although
actual health is a continuous variable, what is
observed is the physician’s evaluation into five
categories,

H = 0 Excellent if H∗ ≤ �0

H = 1 Very Good if �0 < H∗ ≤ �1

H = 2 Good if �1 < H∗ ≤ �2

H = 3 Fair/Poor if �2 < H∗,

(3)

where H is the observed health and the � j ’s
are cut-off values for health. Note that if health
were plotted on a horizontal axis, more health
would be to the left, and less health to the right.

Thus, the physician rates the child in “excel-
lent” health (H = 0) if the child’s actual health,
H∗ is below �0, in “very good health” (H = 1)
if the child’s actual health falls between �0 and
�1 and so on. The cut-off points are estimated
by the model. In order to preserve the order of
the H’s, it must be that

�0 < �1 < �2 .(4)

Greene describes the ordered probit model
in detail. Assume that the error terms are nor-
mally distributed across observations and can
be normalized such that they have a mean of
zero, and a variance of one. The probability
that H (measured health) will equal 0, 1, 2, or
3 is given by

Prob[H = 0] = �(�0 −�′x)(5)

Prob[H = 1] = �(�1 −�′x)

− �(�0 −�′x)

Prob[H = 2] = �(�2 −�′x)

− �(�1 −�′x)

Prob[H = 3] = 1 − �(�2 −�′x)

where � is the cumulative standard normal
distribution. The maximum likelihood method
can be used to find values for � and the �’s.
This method uses the maximum likelihood
principle that the best explanation of a set of
data is the one which maximizes the likelihood
function.

The parameters in � reflect the effect of
changes in x on the probability of the child be-
ing in excellent health. Maximum likelihood
was used to estimate the ordered probit model
(Stata Corporation).

Marginal Effects

A drawback to the ordered probit model is
that the estimated parameters are difficult to
interpret. Greene demonstrates that one way
to understand the parameters is to calculate
the marginal effect of a change in a continu-
ous explanatory variable on the probability of
being in each category. That is, calculate the
first derivative of equation (5) for each x. The
marginal estimates are given by

∂(Prob[H = 0])
∂x

= −�(�0 −�′x)�(6)

∂(Prob[H = 1])
∂x

= −�(�1 −�′x)�

+ �(�0 −�′x)�

∂(Prob[H = 2])
∂x

= −�(�2 −�′x)�

+ �(�1 −�′x)�

∂(Prob[H = 3])
∂x

= �(�2 −�′x)�

where � is the probability density function
for the standard normal. The maximum like-
lihood calculations of � were calculated us-
ing STATA version 7, while marginal effects
for continuous variables were calculated using
equation (6) in Excel 2000.

For binary predictor variables, the first
derivative result does not apply. In order to
study the effect of a binary variable, Greene
suggests calculating the difference in prob-
abilities when the equation is evaluated at
both levels of the binary variable with other
explanatory variables at their mean values.
Therefore, the marginal effect of a binary
variable is

Prob(y = 1 | x̄∗, b = 1)(7)

− Prob(y = 1 | x̄∗, b = 0)
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where x̄∗ equals the mean of all the other vari-
ables and b is the binary explanatory variable.
For example, the probability of being in excel-
lent health can be calculated for WIC partici-
pants and nonparticipants, with all other inputs
held at their mean value. The marginal change
due to WIC is then the difference between the
two probabilities.

Data and Variables

The third National Health and Nutrition
Examination Survey (NHANES III) is the
most recent complete set of data in a series of
studies designed to collect information on the
health status of the population of the United
States; the National Institutes of Health began
collecting national health information in 1960.
Since the NHANES III data were used to up-
date and correct the growth charts of children
ages two months to five years, this group was
oversampled. In order to examine risk factors
associated with health in African-Americans
and Mexican-Americans, these groups were
also oversampled.

The Centers for Disease Control and Pre-
vention collected the NHANES III between
1988–94. Survey workers collected demo-
graphic data and information on general
health, use of health services, and housing
characteristics in an interview in the home.
Nearly three-quarters of the participants also
received a four-hour medical exam at a mobile
Medical Exam Center (MEC). The MECs, in-
cluding the twelve physicians and other per-
sons involved with the exams, moved from city
to city, preserving consistency in the medical
exam. The survey included many tools to in-
duce those selected for the study to participate,
especially those selected for the medical exam
portion of the survey. Participants in the med-
ical exam received $30 and the possibility of
an additional $20 depending on the nature of
the exam and the participant’s required fasting
schedule. In addition, the survey staff were spe-
cially trained to convince participants to both
be interviewed and to receive a medical exam.
In the end, 77% of those who originally made
appointments at a MEC, received medical ex-
ams at a center (U.S. Department of Health,
1994).

Within area segments selected for the sur-
vey, interviewers screened 93,653 households
to identify participants for the study. Based on
the screening data, survey designers selected
40,600 sample persons from those households.

The survey interviewed 33,994 persons and ex-
amined 30,818 persons in the mobile exam
(U.S. DHHS). A total of 3,104 kids ages 24 to
60 months (including 24 and 60 months) actu-
ally received medical exams by a doctor.2 A
number of these observations had to be ex-
cluded from the empirical analysis because of
missing values for one or more of the variables.
In order to avoid intrafamily correlation, we
randomly selected one child from each fam-
ily, if there was more than one child ages 2 to
5 years old. Sample weighting only controlled
for age, gender, race, and ethnicity, and did
not include intrafamily conditions which might
affect health. This brought the total down to
2,632 observations, which is referred to as the
“full” sample in the analysis.

Previous studies of child health have tended
to focus on either infants up to two years old
or preschoolers, ages 2–5 years (Behrman and
Deolalikar, Senauer and Garcia). The rela-
tionship between health determinants and out-
comes is likely quite different for these two
groups. Therefore, this study is restricted to
children ages 24–60 months old.

A special sample of children who live in
households which are believed to be eligible
for WIC was also developed. In this case, a
household was considered eligible for WIC if
the household income was less than or equal
to 185% of poverty or someone in the house-
hold qualified for Medicaid (Kramer-LeBlanc
et al.). The total number of children in this sam-
ple, after missing variables and multiple child
families were accounted for, was 1,816 chil-
dren. This is referred to as the “WIC eligible”
sample. The sample weights for subjects with a
medical exam were used in this study. Weights
were provided so that the sample would be
more nearly representative of the U.S. popu-
lation, and WIC eligible population.

Variables

Dependent Variable

According to the medical community, one
measure of health is the physician’s overall
evaluation (Wolfe and Sears). This measure-
ment generally ranks an individual’s health on
a 1 to 5 or 1 to 10 scale. The doctor’s evalua-
tion takes into account the child’s height and

2 There are actually 3,594 children whose age at the time of the
MEC exam was between 24 and 60 months, including the end
points. However, not all of these children were examined by a
doctor, and thus had an evaluation of overall health status.
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weight, and other indicators of health such as
disease and illness history, and the results of
a medical examination. “The American Chil-
dren: Key National Indicators of Well-Being
2001,” produced by the Federal Interagency
Forum on Child and Family Statistics lists
the physician’s evaluation as the first measure
of general health status for children (Federal
Interagency Forum on Child and Family Statis-
tics). Other studies in the health literature also
use this variable as a measure of overall health
(Alaimo, Olson, and Frongillo).

The dependent or response variable is the
physician’s overall evaluation of the child’s
health. In the survey the physicians were not
the children’s regular doctor, but moved with
the MECs. Throughout the six years of data
collection, only twelve different doctors saw
all participants which helped to create a highly
standardized evaluation. The physicians based
their evaluation on the comprehensive med-
ical exam before the lab results were com-
plete. They rated the children at one of five lev-
els: excellent, very good, good, fair, and poor.
Because so few children were rated in poor
health, that category was combined with fair,
so that the analysis is conducted for four levels
of health (see table 1).

Explanatory Variables

As discussed above, the explanatory variables
are divided into characteristics of the child,
household, and geographic location. The ex-
planatory variable of most interest is whether
the household participated in the WIC pro-
gram. We chose whether anyone in the house-
hold was participating, rather than just the
child, because household food is generally
shared between family members. In addition,
WIC coupons may free up money in the fam-
ily’s food budget for other members to con-
sume. A recent analysis of the nutritional
status of WIC participants found that some
pregnant women did not consume all the nu-

Table 1. Distribution of Health Categories

WIC Eligible Sample

Health Categories WIC Participant (%) WIC Nonparticipant (%) Full Sample (%)

1—Excellent 79.43 77.33 80.37
2—Very Good 8.87 9.86 8.84
3—Good 11.09 11.90 10.33
4—Fair/Poor 0.60 0.92 0.45
Sample size 673 1,143 2,632

trients provided to them in their WIC basket
(Kramer-LeBlanc et al.). This might be an in-
dication that they are sharing food with other
members of the family; it might also mean the
household is not purchasing the food with the
coupons provided.

As mentioned above, WIC is not an enti-
tlement program, and preference is given to
children who have certain health conditions or
are considered nutritionally at risk. Thus, WIC
participation may be jointly determined with
health. Similarly, if parents believe their chil-
dren are less healthy than other children, they
may be more likely to apply for the Food Stamp
Program. Although the Food Stamps Program
is an entitlement program, people who choose
to participate are more likely to believe they
will have a low income for a longer period
of time than others with similar incomes who
do not participate (Blank and Ruggles). Since
WIC and Food Stamp Program participation
may be jointly determined with child health,
these variables should be tested for endogene-
ity using the Hausman test.

Because of the way the data were collected,
the food stamp variable measured whether
anyone in the household participated in the
last twelve months, and the WIC variable mea-
sured whether anyone in the household partic-
ipated in the last month. Since food stamps and
WIC may increase food consumption and im-
prove nutrition, participation was expected to
have a positive impact on health.

Other household characteristics which
might be expected to affect child health
include income and how crowded the house
is. The poverty income ratio (PIR) rather
than household income is provided in the
NHANES data. The PIR is a measure of
the family’s income divided by the federal
poverty line for that household’s composition.
If the PIR is less than one, the family is below
the federal poverty line. PIR reflects the
standard of living which the family is able to
afford, since family size is already accounted
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for by the poverty line. Separate information
on nonlabor or unearned income and adult
wages were not collected in the survey. As
in other studies, a higher PIR is expected to
lead to better health. Crowding can affect a
household in a number of ways. First, child-
ren who share a bedroom with another
person may be more exposed to respiratory
infections. Second, children with more space
have more opportunities to participate in
active play without disturbing the adults
in the household. We define crowding as
the number of persons in the household
divided by the number of rooms. This number
includes unrelated household members such
as boarders or families who share living space.
It is expected that the more people per room,
the less healthy the child.

Finally, the household characteristics in-
clude a set of variables which attempt to mea-
sure the parents’ ability to provide a healthy
environment. Unfortunately, the data set only
included information for the adult who an-
swered the survey questions. This study as-
sumed the interviewee was the child’s primary
caretaker. In 90.1% of the cases, this person
was the child’s mother, and in 5.4% of the
cases the child’s father. The remaining 4.56%
of the cases were divided between grandpar-
ents (2.7%), aunts and uncles (0.65%), other
person (0.55%), and unknown (0.55%). The
variables included for the parent or other care-
taker are the person’s education level, whether
they speak English at home, whether he/she is
currently married, and if not currently, then
was the adult married before.

The child’s characteristics include how many
days the child was breast-fed after birth,
whether the child’s birthweight was less than
2,500 g, the child’s race and ethnicity (non-
Hispanic White, non-Hispanic Black, His-
panic, and other), and the age and sex of
the child. The medical literature suggests that
breast-fed babies have fewer ear infections,
cases of diarrhea, and lower respiratory in-
fections during lactation (Ball and Wright,
Beaudry, Dufour, Marcoux, Cushing et al.).
The beneficial health effects may continue
when they are older. Low birthweight infants
have more health problems, some of which
may continue into preschool age.

Regions of the country (Northeast, South,
Midwest, and West) are included in two of the
models. In the other two models presented in
the next section, a set of binary variables repre-
senting forty-nine pseudo strata from the sur-
vey are used instead of the regions. Children

in the same pseudo strata are located in the
same county. Public health clinics are admin-
istered at the county level, so a variable which
distinguishes between counties may be pre-
dictive of health. In addition, persons in the
same pseudo strata or county are likely to be
exposed to many similar environmental and
socioeconomic factors not included as spe-
cific explanatory variables, which could affect
health, such as levels of pollution. This variable
might also capture differences in the adminis-
tration of the WIC program across counties.

This study also considered several interac-
tion variables such as WIC participation and
PIR, employment status of the adult and PIR,
and marital status and employment status of
the adult. None of these were significant, and
hence they are not reported in the empirical
results.

A detailed description and summary statis-
tics for each variable used in the final model
in both the WIC-eligible and full samples are
listed in table 2. As one might expect, the WIC
eligible sample contains twice as many WIC
and Food Stamp Program participants as the
full sample. It should be noted that our mea-
sure of WIC eligibility is not perfect, since we
did not have information on assets; it is likely
the WIC sample contains children who live in
households which are not actually eligible for
WIC. The PIR is twice as high in the full sam-
ple as in the WIC eligible sample. As might be
expected from the differences in income, the
number of persons per room is higher in the
WIC eligible sample, while the percent of par-
ents who are married is lower. The number of
days the child was breastfed as an infant is also
lower in the WIC eligible sample, and the per-
cent of low birthweight children is higher. Both
the percent of children who are female and the
distribution between the regions of the country
are similar in both samples.

Empirical Results

The results of using the ordered probit model
to estimate the health production function
are presented here. Four equations or models
were estimated with the two samples and re-
gions or pseudo strata. As mentioned above,
there are theoretical reasons why WIC and
food stamp participation might be endoge-
nous. Greene recommends using a Hausman
test as the first step to check for endogeneity.
Variables used for identification in making this
test included adult employment, urbanization,
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Table 2. Definitions and Means/Frequencies for Explanatory Variables

WIC Eligible Full
Variable Sample Sample

Child is female (=1; 0 otherwise) 0.483 0.481
Child is non-Hispanic White (omitted in regression) (=1; 0 otherwise) 0.494 0.634
Child is Hispanic (any race) (=1; 0 otherwise) 0.228 0.163
Child is non-Hispanic, Black (=1; 0 otherwise) 0.232 0.154
Other race: Not White, Black, or Hispanic (=1; 0 otherwise) 0.046 0.049
Age at the MEC exam (in months) 41.659 41.756
Number of days breastfed 76.815 100.952
Child’s birth weight < 2500 g (=1; 0 otherwise) 0.129 0.106
Household participated in WIC (=1; 0 otherwise) 0.319 0.171
Household participated in Food Stamp Program (=1; 0 otherwise) 0.480 0.244
Poverty income ratio: Household income divided by poverty level 1.011 2.174
Years of education of parent 11.167 12.433
Parent speaks English at home (=1; 0 otherwise) 0.790 0.846
Parent married now (=1; 0 otherwise) 0.620 0.778
Parent married before but not now (=1; 0 otherwise) 0.203 0.133
Crowding (number of persons divided by number of rooms) 0.975 0.821
Midwest 0.219 0.222
South 0.371 0.351
West 0.244 0.245
Northeast (omitted) (=1; 0 otherwise) 0.166 0.182
Sample size 1,816 2,632

the mother was 18 years or less at the time
of the child’s birth, percent of the child’s life
on WIC, whether the child and parents were
born in the United States, whether the par-
ents speak English in the home, the length of
time the family has lived at the address and the
child has lived in the city, and phase of the sur-
vey (Phase I: 1988–91; Phase II: 1992–94). The
last variable was included as a proxy for year,
since year is not included in the data set. These
variables had particularly low t-statistics when
used to predict the children’s health status.

The Hausman test showed that WIC and
Food Stamp Program participation are not en-
dogenous variables. The Wald statistic is −0.81,
which when compared to a � 2(17) we accept
the null hypothesis that WIC and Food Stamp
Program participation are exogenous. Note
that the Hausman test is very dependent on
the availability of good instruments. The first-
stage equations correctly predicted WIC par-
ticipation for 80% of children in the full sam-
ple, and Food Stamp Program participation for
84% of children, which would seem to indicate
reasonable instruments.

Estimated Health Equations

Results are presented in table 3 for four or-
dered probit equations, where child health is

the dependent variable in all four cases. Mod-
els 1 and 2 use the WIC eligible sample, while
models 3 and 4 use only the full sample. Models
1 and 3 include regions, while Models 2 and 4
use the binary variables for the pseudo strata,
instead of the regional variables. The coeffi-
cients of the pseudo strata are withheld to save
space. These results control for the complex
sample design of NHANES in two ways. In
models 1 and 3, where the regions are used, we
used STATA’s svyoprobit command to make
the estimations, using the pseudo strata and
pseudo primary sampling units (PSU) as sug-
gested in the survey’s documentation. In mod-
els 2 and 4, the pseudo strata are already in-
cluded in the model, thus it does not make
sense to use the svyoprobit command. Instead
we used the regular ordered probit procedure.
While this does not account for the survey
strata, it is a close approximation of the svy-
oprobit. The svyoprobit command only pro-
duces an overall F-test, while the ordered pro-
bit command gives the usual chi-squared test
of significance. All four statistics show that the
models are statistically significant at a high
level. Only the statistically significant variables
in the four equations will be discussed. WIC
participation is significant in all four models.

With the WIC eligible sample in model 1, the
statistically significant variables include low
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Table 3. Estimated Health Equations

WIC Eligible Sample Full Sample

(1) (2) (3) (4)
Variables Regions PSUs Regions PSUs

Female −0.072 −0.087 −0.162 −0.240
(0.70) (0.79) (2.03)∗∗ (2.74)∗∗∗

Hispanic 0.163 0.061 0.0005 0.124
(0.832) (0.28) (0.00) (0.70)

Non-Hispanic Black −0.280 −0.452 −0.078 0.183
(1.56) (2.73)∗∗∗ (0.50) (1.40)

Other race 0.335 0.368 −0.147 −0.115
(0.95) (1.05) (0.55) (0.35)

Child’s age −0.001 0.0005 −0.004 −0.007
(0.27) (0.10) (1.64) (1.89)∗

Days breastfed −0.0005 −0.0003 −0.0002 −0.0001
(1.05) (0.70) (0.60) (0.36)

Birthweight < 2500 g 0.359 0.539 0.089 0.226
(2.54)∗∗∗ (2.81)∗∗∗ (0.68) (1.33)

WIC −0.243 −0.346 −0.199 −0.302
(2.65)∗∗∗ (2.82)∗∗∗ (2.03)∗∗ (2.36)∗∗

Food stamps −0.156 −0.174 −0.209 −0.118
(1.39) (1.31) (1.75)∗ (0.93)

Poverty income ratio −0.236 −0.305 −0.175 −0.155
(1.83)∗ (1.82)∗ (3.96)∗∗∗ (3.09)∗∗∗

Parent’s education −0.023 −0.024 −0.004 0.0007
(1.41) (1.15) (0.20) (0.04)

Parent speaks
English at home 0.427 0.288 0.037 0.015

(1.94)∗ (1.56) (0.21) (0.08)
Parent married now −0.017 −0.172 −0.058 −0.203

(0.12) (0.99) (0.51) (1.22)
Parent married before −0.110 −0.141 0.039 −0.001

(0.68) (0.77) (0.30) (0.01)
Crowding 0.015 −0.023 0.025 0.030

(0.13) (0.22) (0.21) (0.28)
Midwest −0.498 — −0.677 —

(1.68)∗ (2.38)∗∗

South −0.895 — −1.09 —
(3.26)∗∗∗ (4.17)∗∗∗

West −1.10 — −1.18 —
(3.75)∗∗∗ (4.66)∗∗∗

F-statistic 2.87 — 8.08 —
Chi-squared — 10,811 — 959

Note: t-statistics are given in parentheses; ∗ significant at p = 0.10; ∗∗ significant at p = 0.05; ∗∗∗ significant at p = 0.01.

birth weight, participation in WIC, the parent
speaks English in the home, the poverty in-
come ratio, as well as the three regions (North-
east is omitted). WIC, the PIR, and the three
regions have a positive effect on child health,
while children who were less than 2,500 g at
birth or whose parent does not speak English in
the home, are negatively affected by these fac-
tors. In model 2 where pseudo strata replace re-
gions, non-Hispanic Black, birthweight, WIC,
and the poverty income ratio are significant.
Being a non-Hispanic Black, WIC participant

and higher household income relative to the
poverty level have a positive effect, whereas
a low birth weight has a negative effect. A
number of the pseudo strata variables were
also significant, reflecting the importance of a
wide range of possible location related factors,
which might include local differences in the ad-
ministration of the WIC program.

In model 3 with the full sample and re-
gions, the child’s gender, WIC and Food Stamp
Program participation, the poverty income ra-
tio and the three regions have positive and
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statistically significant effects on the child’s
health. If the child is a girl, in a household
that participates in WIC and receives food
stamps, household income is higher in relation
to the poverty level or in one of the three re-
gions other than the Northeast, she is likely
to be in better overall health. In model 4 with
pseudo strata replacing the regions, the signif-
icant variables include gender, the child’s age,
WIC, and the poverty income ratio and each
has a positive effect on child health.

The robust nature of the WIC results stand
out, with the program having a strongly signif-
icant positive effect on child health in all four
models. The only other variable which is sig-
nificant in all four equations is the household’s
income in relation to the poverty level. The re-
gional variables are strongly significant in the
equations in which they are included, as are
most of the binary variables for pseudo strata.

Marginal Probabilities

The marginal effects are given for the key vari-
ables found to be significant in table 4. The

Table 4. Marginal Probabilities for Significant Variables

Health Categories

Excellent Very Good Good Fair/Poor

Model 1. WIC sample-regions
Birthweight < 2500 g −0.110 0.037 0.066 0.007
WIC 0.065 −0.025 −0.037 −0.003
Poverty income ratio 0.066 −0.025 −0.038 −0.003
Parent speaks English −0.106 0.043 0.059 0.004
Midwest 0.122 −0.050 −0.067 −0.005
South 0.224 −0.086 −0.126 −0.011
West 0.234 −0.097 −0.127 −0.010

Model 2. WIC sample-PSUs
Non-Hispanic Black 0.153 0.026 −0.131 −0.047
Birthweight < 2500 g −0.145 −0.060 0.115 0.090
WIC 0.114 0.024 −0.098 −0.040
Poverty income ratio 0.096 0.025 −0.083 −0.038

Model 3. Full sample-regions
Female 0.040 −0.016 −0.022 −0.001
WIC 0.046 −0.019 −0.025 −0.001
Food stamps 0.049 −0.020 −0.027 −0.001
Poverty income ratio 0.043 −0.018 −0.024 −0.001
Midwest 0.138 −0.061 −0.074 −0.003
South 0.231 −0.096 −0.128 −0.006
West 0.215 −0.095 −0.114 −0.005

Model 4. Full sample-PSUs
Female 0.044 −0.028 −0.016 −0.0001
Age 0.001 −0.0008 −0.0005 −0.000004
WIC 0.049 −0.032 −0.017 −0.0001
Poverty income ratio 0.029 −0.018 −0.011 −0.00009

marginal probabilities for the continuous vari-
ables can be interpreted as the increased or de-
creased probability the child would have been
in the health category (excellent, very good,
good, and fair/poor), given one more unit of
the explanatory variable, with other variables
held at their mean. For the binary variables,
the interpretation is the increase (or decrease)
in probability if the binary variable is true.
For example the marginal value for excellent
health for WIC in model 1 is 0.065. This means
if the household participates in the WIC pro-
gram, the probability of the child being in ex-
cellent health will rise by 6.5 percentage points.
For continuous variables, the estimates are the
partial derivatives as calculated using equa-
tion (6). The marginal change for binary vari-
ables is calculated using equation (7).

Participation in the WIC program increases
the probability that the child is in excellent
health by 4.6 to 11.4 percentage points depend-
ing on the model. Thus if a child not enrolled
in WIC has a 75% chance of being in excellent
health, participation in the WIC program will
raise this to a 80 to 86% chance of being in
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excellent health. Higher marginal values were
found in the WIC eligible sample, indicating
that poor children benefit more from the pro-
gram. However, the strong effect in the full
sample shows that even if poor children are
compared to the rest of the population, they
still fare better if they participate in WIC. The
sum of marginal probabilities across the four
health categories should net out to zero (with
possible exceptions due to rounding numbers
off). Just as a child participating in WIC is more
likely to be in excellent health, he/she is less
likely to be in the other three categories, ex-
cept for model 2 in which the probability of
being in good health is also higher.

Note that the marginal value for the poverty
income ratio (2.9 to 9.6 percentage points) is
actually quite small. A rise from a PIR of 1
to 2 (by one unit) means going from 100% of
the poverty line to 200%; for a family of four
the rise in 1999 was equivalent to a shift in in-
come from $17,029 to $34,058 (U.S. Census Bu-
reau). The WIC program is apparently much
more effective at improving child health than
even large increases in household income. In
only one case (model 3) do food stamps signifi-
cantly affect child health, raising the likelihood
of being in excellent health 4.9 percentage
points.

There is a substantial regional impact on
child health, with children living outside the
Northeast having a higher probability of be-
ing in excellent health by 12.2 to 23.4 percent-
age points. The pseudo strata in the North-
east also tended to have a negative impact.
This result is not confirmed by other studies,
and may be unique to this data set. One factor
which affects the health of children in this age
group is lead poisoning. The Northeast has a
higher incidence of lead poisoning among chil-
dren due to the higher concentration of older
buildings with lead paint. According to unpub-
lished data from the Centers for Disease Con-
trol and Prevention, the 1994 prevalence rate
of lead poisoning in Boston was 9.2%. This
is higher than the national rate derived from
NHANES III data of 4.2% (U.S. Department
of Health, 1997b, 1998). It is interesting to note
that neither the child’s blood lead level, nor a
binary variable indicating elevated blood lead
levels were significant in any of the four mod-
els. Although lead can affect many factors in-
cluding a child’s ability to grow and learn, it
is not clear the symptoms would be obvious
enough for a doctor to rank a child with lead
poisoning as less healthy than one without lead
poisoning.

Another possible explanation for the appar-
ent lower level of health could be a result of the
pseudo strata selected in the Northeast. The
data are only designed to represent the coun-
try as a whole; the persons selected within a
given region may not be representative of the
region. It could be that the pseudo strata se-
lected in the Northeast have a higher concen-
tration of less healthy children than other parts
of the Northeast. Clearly the possible regional
effects require further study with other data
sets.

Conclusions

This research used a household model to study
the impact of the WIC Program and other fac-
tors on the health of U.S. preschool children.
The data were from the third National Health
and Nutrition Examination Survey. Ordered
probit equations were estimated for the physi-
cian’s overall evaluation of the child’s health.
The empirical results suggest some important
policy implications related to determinants of
child health which government policies and
programs can influence.

The direct impact of income, as reflected in
the poverty income ratio, is surprisingly small.
An increase in income that takes a house-
hold from the poverty level to twice that level,
would increase the child’s chances of being in
excellent health by only three to ten percent-
age points. The higher end of this range was
calculated using children who live in house-
holds below 185% of the poverty line. How-
ever, the higher income might be likely to
have a number of indirect effects which benefit
child health. The regional effects are relatively
large, positive for the Midwest, South and West
compared to the Northeast. This result is puz-
zling, and could be a result of sample selection
or an actual effect from pollution (including
lead poisoning), population density, climate,
or other factors. The regional variables should
be examined in other data sets to confirm the
result.

The most important finding of this analysis
relates to the very substantial beneficial impact
of the WIC Program on child health. Children
in households participating in WIC are five to
eleven percentage points more likely to be in
excellent health, ceteris paribus, with the ef-
fect being stronger in the WIC eligible sample.
The consistency and magnitude of these effects
provide strong evidence in support of this pro-
gram. The WIC Program is more effective at
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improving child health compared to even large
increases in household income. Moreover, the
beneficial effect of WIC on health is greatest
for children in the poorer households which
are eligible for the program.

[Received January 2001; final revision
received September 2002.]
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